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Objective: To identify the ictal semiology of complex partial seizures originating from the frontal lobe (FLCPS) and mesial
temporal lobe (MTLE) in patients who became seizure free after surgery.
Methods: We analysed 149 seizures from 42 patients, 28 with MTLE (75 seizures) and 14 with FLCPS (74 seizures) seizure
free for at least 1 year after surgery. Fifty-eight symptoms and signs were looked for in every seizure and their time of onset and
ending noted. Statistical analysis was then used to define the frequency, time of onset and cluster analysis of these symptoms/
signs.
Results: Epigastric aura was more frequent in MTLE while an aura of a general body sensation or indescribable feeling occurred
only in FLCPS. Alimentary automatisms were more common and occurred earlier in MTLE (P < 0.001). Perseverative
automatisms, retching and vomiting occurred exclusively in MTLE while bicycling movements occurred only in FLCPS.
Abdominal, psychic or olfactory aura followed by behavioural arrest, alimentary automatisms, repetitive distal upper extremity
movements, complete loss of consciousness, looking around and whole body movements were typical of MTLE. Repetitive
coarse upper extremity movements, complete loss of consciousness, complex motor and hypermotor activity were typical of
FLCPS.
Conclusion: The earliest symptoms and signs as well as their order of appearance allow one to distinguish between complex
partial seizures arising from the frontal lobe and mesial temporal lobe.
© 2002 BEA Trading Ltd. Published by Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
Frontal lobe epilepsy (FLE) occurs in approximately
30% of adults with partial epilepsy1–3. The differenti-
ation of frontal lobe complex partial seizure (FLCPS)
from mesial temporal lobe seizures is of importance
in understanding the neuroanatomical basis of ictal
semiology, and for the selection of patients for resec-
tive epilepsy surgery4–9. Several authors have tried
to differentiate between seizures originating from
various regions of the frontal and temporal lobes by
analysing the sequential appearance of symptoms us-
ing statistical methods10–13. Wieser was the first to use
cluster analysis techniques to differentiate psychomo-
tor seizures arising from various locations14. Based
primarily on the onset and patterns of spread of the ic-
tal EEG discharge, he proposed five different subtypes
∗This paper was presented at the 123rd Annual Meeting of the American Neurological Association, Montreal, October 1998.
of psychomotor seizures: (1) unilateral temporo-basal
limbic, (2) temporal polar, (3) posterior temporal neo-
cortical, (4) opercular and (5) fronto-basal cingulate.
However, symptoms and signs which correlated these
subtypes of psychomotor seizures did not form tight
clusters and some characteristics were common to
all subtypes. Only 10/23 patients in Wieser’s series
became seizure free, leaving open the possibility that
ictal onset could have been from brain regions outside
the margins of resection. Kotagal et al.10 analysed the
semiology of psychomotor seizures of temporal lobe
onset in patients who became seizure free after tem-
poral lobectomy. They also used statistical methods
to define symptom/sign clusters and their order of ap-
pearance. The commonest sequence was behavioural
arrest followed by alimentary and hand automatisms,
looking around and whole body movements in that
1059–1311/02/$35.00 © 2002 BEA Trading Ltd. Published by Elsevier Science Ltd. All rights reserved.
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order. Complex partial seizures arising from the
frontal lobe remain less well defined compared to
seizures of mesial temporal lobe epilepsy (MTLE).
Manford et al.13 analysed clinical seizure patterns
and their localising value in frontal and temporal lobe
epilepsy and concluded that relatively few seizures
could be localised reliably on clinical grounds alone.
Oral automatisms and experiential symptoms were
significantly associated with temporal lobe lesions,
whereas early focal tonic activity or head version
were associated with frontal lobe lesions. Video-EEG
telemetry was performed in only 30 out of 91 lesional
cases and the seizure outcome after resection was not
reported. Salanova et al.49 analysed the frequency,
time of onset and order of appearance of various
symptoms and in frontal lobe. Their series included
nine cases of supplementary motor, seven focal mo-
tor and eight complex partial seizures. Of 14 patients
who underwent frontal resection, only 7 had >90%
reduction in seizures. The patients with complex
partial seizures frequently exhibited partial loss of
consciousness, unilateral or bilateral tonic posturing
and bicycling movements.
To date, no study has examined seizure semiology
of FLCPS using only patients who became seizure
free after resection of the seizure focus. Many of the
patients in previous studies showed seizure semiol-
ogy strongly suggesting frontal lobe onset. However,
seizures originating outside of the boundaries of the
frontal lobe may produce little by way of clinical man-
ifestations until the ictal discharge spreads to symp-
tomatogenic areas within the frontal lobe, such as
the sensorimotor and supplementary motor areas15–20.
These shortcomings could explain why previous stud-
ies were unable to clearly distinguish between FLCPS
and MTLE using conventional methods of videotape
analysis.
In our study, we have attempted to characterise
more precisely with the help of statistical methods,
the seizure semiology of FLCPS and distinguish it
from MTLE. By selecting only those patients who
became seizure free after frontal lobe resection, we
can correctly assume that the ictal onset zone was
within the margins of resection. We excluded patients
with supplementary motor and perirolandic seizures
because these have prominent motor symptoms that
are readily differentiated from MTLE.
MATERIALS AND METHODS
Between 1980 and 1998, 92 patients with intractable
localisation-related epilepsy underwent frontal lobec-
tomy or frontal lesionectomy at our institution. We
excluded patients with supplementary motor area
(SMA) and perirolandic seizures, fronto-temporal
and fronto-central lesions. Thirty-five patients in this
subset had frontal lobe complex partial seizures and
14 patients (40%) became completely seizure free for
longer than 1 year after focal resection—this group
was chosen for our study. The patients’ mean age
at seizure onset was 10 years (range 6 months to
29 years). There were 10 males and 4 females. The
mean interval between seizure onset and evaluation
was 21 years (range 4–35 years). Five of the patients
were seizure free of antiepileptic medications. For
comparison, 28 MTLE patients who remained seizure
free for at least 1 year after temporal lobectomy were
taken from the series of Kotagal et al.10.
All 14 patients with FLCPS underwent prolonged
video-EEG monitoring, first with scalp electrodes
and 7 of them subsequently had intra-cranial sub-
dural recordings before resection. Two patients had
intra-operative electrocorticography pre- and post-
excision. MRI brain scan revealed a frontal lobe
lesion in 11 patients, in whom subsequent patholog-
ical examination disclosed cortical dysplasia (6 pts),
hamartoma (2 pts), dysembryoplastic neuroepithelial
tumour (DNET, 1 pt), low-grade astrocytoma (1 pt),
meningioangiomatosis (1 pt), cystic encephalomalacia
(1 pt) and infarction (2 pts). The epileptogenic zone
was determined to be in the frontal lobe by means
of extra- and intra-cranial recording in 10 patients
(7 patients had chronic subdural electrode recordings
and 3 had intra-operative corticography and evoked
potential recordings).
The responsiveness of patients during seizures was
tested by the staff of the epilepsy monitoring units
(technologists, nurses or physicians), and they were
asked to remember test items (objects or words). The
patients were judged to be unconscious during the
seizure if they were not able to interact normally with
the observer and were amnestic afterwards. Patients
were judged to have partial loss of consciousness if
they showed some interaction with their surroundings
(e.g. turning around to look for an observer or reach-
ing for an item being presented to them). Following
the seizure, after patients had regained consciousness
and could follow commands, they were interviewed
to determine whether they (a) recalled having an aura
prior to the seizure and describe it, (b) had any mem-
ory of what occurred during the seizure and (c) had
dysnomia by asking them to name objects. A total of
74 FLCPS and 75 mesial temporal seizures saved on
videotape were analysed by one of the authors (AK),
and all ambiguous findings were reviewed with a se-
nior investigator (PK). We also examined one best
example of each patient’s seizure to verify that re-
sults would not be skewed if a given patient had a
disproportionately higher number of seizures relative
to other patients. The seizures were analysed blindly
without knowledge of EEG data. Each seizure was
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viewed three to four times in its entirety to iden-
tify every symptom and sign. The ictal characteris-
tics listed in Appendix A were looked for in every
seizure, and their time of onset, end and duration were
noted.
The clinical onset of the seizure was determined by
the first visible change in the behaviour, or when the
patient announced his/her aura or pressed the seizure
alarm button. Auras were only counted if the patient
announced it at the beginning of the seizure or was
able to recall it during the postictal interview. The
clinical seizure was judged to have ended when the
patient’s stereotyped behaviour ended or when the pa-
tient started to interact normally with the surround-
ings; when the clinical end of the seizure could not
be easily judged, the time of EEG seizure termination
was used as the cut-off point for analysis.
Statistical analysis
The time of onset, end and duration of each seizure
as well as for each individual symptom and sign were
noted. The data was entered into a VAX 8550 com-
puter. SAS statistical software version 6.12 (Cary, NC)
and S-Plus version 3.4 (Mathsoft, Inc.) was used to
perform the statistical analysis. There were 28 patients
with 75 seizures in MTLE group and 14 patients with
74 seizures in FLCPS group. The following analyses
were carried out:
1. Seizure duration and number of symptoms/signs
per seizure: Repeated measures analysis of vari-
ance in SAS PROC MIXED was used to com-
pare the FLCPS and MTLE groups with respect
to the mean seizure duration and mean number
of symptoms/signs observed per seizure. This
is analogous to standard analysis of variance
(ANOVA), but accounts for the presence of mul-
tiple seizures per patient. The population means
are estimated using the resulting ‘least squares
means’ and the resulting P-values are based on
ANOVA which accounts for multiple seizures
per patient.
2. Frequency of symptom/signs occurrence: The
frequency with which various symptoms/signs
occurred in the FLCPS and MTLE group was
determined. Ratio estimation methods were used
to compare groups. These methods account for
the possible association between seizures in the
same patient, thus making them preferable to the
standard methods of analysing proportions.
3. Time of onset of symptoms/signs: We compared
the FLCPS and MTLE groups on the median on-
set time for a number of symptoms/signs using
a procedure developed by Obuchowski15 that is
analogous to the Wilcoxon rank sum test, but
adjusts for correlation within subjects. A signif-
icance level of 0.05 was used for each test. In
case of infrequent symptom/sign occurrence in
one of the groups, the medians were compared
using the Wilcoxon rank sum test. In these cases,
we could not adjust for correlation within sub-
jects, but multiple occurrences per subject were
minimal.
4. Relative time of onset for symptoms/signs: The
time of onset in relation to the first one-sixth,
and the first, middle and last third of the seizure
was determined for each symptom/sign in the
frontal and mesial temporal groups. This was
done to minimise bias from seizures spread-
ing very slowly or rapidly from the frontal and
temporal lobes. We used the ratio estimation
method with 95% confidence intervals to make
the comparison16 when analysing the frequency
of occurrence of various symptoms/signs.
5. Sequence of appearance of symptoms and signs:
We examined only the most common symp-
toms/signs for the frontal and temporal groups,
i.e. those that occurred in at least 10% of the
seizures studied. A symptom/sign pair then was
given an ordering if the following rules held: (a)
at least 15% of the seizures of the given type had
both symptoms and (b) the ordering occurred in
at least 70% of the seizures of the given type
in which both symptoms/signs occurred. These
rules indicate orderings that were ‘typical’ in
the data, and we collectively called them the
‘10-15-70’ rule. We also determined the fre-
quencies of seizures that matched the patterns
of symptom/sign onset identified for the frontal
and temporal groups. This method is similar to
that used in our previous analysis of MTLE10.
6. Cluster analysis: For each cluster analysis, a
symptom/sign was included if its onset occurred
in the specified portion of the seizure in at least
10% of the seizures under study. The goal of
cluster analysis was to identify symptom/sign
pairs or groups of pairs that may have occurred
more commonly for one type of seizure than an-
other. Thus, 20 symptoms/signs were considered
for frontal seizures, and 22 were considered for
mesial temporal-onset seizures. Clustering of
symptoms/signs requires a measurement of simi-
larity for each pair of symptoms, and the number
of seizures in which two symptoms both occur
is the pairwise similarity measure. Complete
linkage cluster analysis was performed: clusters
were joined at a particular pairwise similarity
threshold when each pair of symptoms/signs in
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the new cluster occurred together at least as many
times as the threshold value. Symptom/sign on-
sets were most often observed in the first third of
the seizures; therefore, fewer were included in
the analysis for the second third, and no cluster
analysis was possible for the final third. Cluster
analysis is summarised by Fig. 3a and b, which
display the formation of clusters and the thresh-
olds at which they occur. Clusters (horizontal
lines), are continually being joined together
(vertical lines) at the various pairwise similarity
thresholds as we proceed from left to right. Every
pair of symptoms/signs within a cluster occurred
at least as many times as the pairwise similarity
Table 1: Comparison of mesial and frontal seizures with respect to seizure duration and the number of observed symptoms
per seizure.
Variable Group Range Mean (SE) Least squares mean (SE)a P-valuea
Seizure duration (seconds) Mesial 5–175 59.7 (3.5) 60.2 (4.2) 0.07
Frontal 10–145 44.7 (3.0) 48.2 (5.1)
Number of observed symptoms per seizure Mesial 4–14 7.93 (0.24) 7.92 (0.33) <0.001
Frontal 1–11 4.74 (0.19) 4.96 (0.45)
a The least squares mean and the resulting P-value are based on an analysis of variance (ANOVA) which accounts for multiple seizures
per patient. SAS PROC MIXED was used for the analysis. The least squares means are better estimates of the population means than the
conventional means, and our analysis is superior to a standard ANOVA or t-test.
Table 2: Frequency of symptom occurrence.
No. Symptom All seizures MTLE FLCPS P-valuea
(N = 149), N (%) (N = 75), N (%) (N = 74), N (%)
1 Somatosensory auras 2 (1%) 2 (3%) 0.50b
3 Auditory auras 2 (1%) 2 (3%) 0.50b
4 Vertiginous auras 2 (1%) 2 (3%) 0.50b
5 Olfactory auras 3 (2%) 3 (4%) 0.25b
7 General body sensations 8 (5%) 8 (11%) 0.003b
9 Epigastric sensations 17 (11%) 14 (19%) 3 (4%) 0.01
12 Behavioural arrest 52 (35%) 25 (33%) 27 (36%) 0.68
13 Staring 32 (21%) 9 (12%) 23 (31%) 0.006
14 Version 19 (13%) 15 (20%) 4 (5%) 0.012
22 Unilateral arm dystonic 28 (19%) 12 (16%) 16 (22%) 0.381
37 Generalised tonic–clonic seizure 23 (15%) 19 (25%) 4 (5%) 0.002
40 Perseverative automatisms 3 (2%) 3 (4%) 0.25b
41 Alimentary automatisms 73 (49%) 55 (73%) 18 (24%) <0.001
43 Mimetic automatisms 21 (14%) 19 (25%) 2 (3%) 0.001
42 Repetitive upper extremity movements 85 (57%) 55 (73%) 30 (41%) <0.001
44 Looking around 53 (36%) 43 (57%) 10 (14%) <0.001
39 Complex motor seizure 67 (45%) 42 (56%) 25 (34%) 0.007
46 Complex gestures 12 (8%) 12 (16%) <0.001b
47 Speech arrest 2 (1%) 2(3%) 0.50b
48 Positive speech 15 (10%) 13 (17%) 2 (3%) 0.009
49 Vocalisations 32 (21%) 14 (19%) 18 (24%) 0.402
52 Laughing/crying 13 (9%) 3 (4%) 10 (14%) 0.052
53 Complete loss of consciousness 117 (79%) 61 (81%) 56 (76%) 0.402
54 Partial loss of consciousness 79 (53%) 51 (68%) 28 (38%) <0.001
56 Vomiting or retching 9 (6%) 9 (12%) 0.003b
38 Hypermotor seizure 28 (19%) 28 (38%) only defined for
frontal seizure
57 Dilated pupil 1 (1%) 1 (1%) only defined for
frontal seizure
58 Sniffing 1 (1%) 1 (1%) only defined for
frontal seizure
a Logistic regression/generalised estimating equations (GEE) used to account for within-subject correlation. b Fisher’s exact test (does not
account for within-subject correlation).
threshold at which it was joined. A scale appears
below the Fig. 3a and b to indicate the percent
of seizures, which a threshold represents.
The retrospective review of charts and videotapes of
patients in this study was approved by the Cleveland
Clinic Foundation’s Institutional Review Board.
RESULTS
1. Seizure duration and number of symptoms per
seizure: The seizure duration and number of
symptoms/signs per seizure is shown in Table 1.
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Fig. 1: Median symptom onset time in mesial temporal lobe seizures and frontal lobe complex partial seizures.
The mean seizure duration did not differ sig-
nificantly between FLCPS (48.2 seconds, range
10–145 seconds) and MTLE (60.2 seconds, range
5–175 seconds; P = 0.07). The mean number of
distinct symptoms/signs per seizure was signifi-
cantly higher in MTLE (7.92, range 4–14) com-
pared to FLCPS (4.96, range 1–11; P < 0.001).
2. Frequency of symptom occurrence: The frequency
with which various symptoms/signs occurred in
MTLE and FLCPS is shown in Table 2. An aura
of epigastric sensation occurred more commonly
with MTLE (P = 0.01) while the aura of a
general body sensation was seen only in FLCPS
(P = 0.003). Staring with eyelid retraction was
more common with FLCPS (P = 0.006). Ali-
mentary automatisms (P < 0.001), repetitive up-
per extremity automatisms (P < 0.001), looking
around (P < 0.001) and complex gestures were
much more common with MTLE (P < 0.001).
Hypermotor seizures in which the predominant
manifestation consisted of stereotyped complex
movements involving the proximal segments of
the limbs and trunk such ‘pedalling’ occurred
exclusively in FLCPS. Generalised tonic–clonic
seizures were commoner in MTLE (P = 0.002).
Ictal vomiting and perseverative automatisms oc-
curred exclusively with MTLE. Ictal speech was
frequent in MTLE (P = 0.009), whereas laugh-
ing and crying was more frequent in FLCPS
(P = 0.052). One patient with ictal laughter had
a DNET in the left inferior frontal gyrus and the
other had focal neuronal heterotopia in the left
inferior orbital region. A third patient with ictal
crying had meningio-angiomatosis in the left
middle and inferior frontal gyrus.
3. Median symptom/sign onset: The median time
of onset of symptoms/signs in relation to the
first, middle or last third of seizure are shown
in Fig. 1. Partial loss of consciousness (median,
9.5 seconds vs. 28 seconds; P = 0.003), looking
around (median, 4.5 seconds vs. 18 seconds; P ≤
0.001), vocalisation (median, 10.5 seconds vs.
20.5 seconds; P = 0.15) and secondarily gener-
alised tonic–clonic seizures (median, 18 seconds
vs. 62 seconds; P = 0.02) appeared earlier in
FLCPS compared to MTLE. Staring with eye-
lid retraction (91%) and complex motor activity
(96%) occurred almost always at the start of the
seizure in FLCPS, where as staring (with eyelid
retraction) could be seen in the first or middle
third in MTLE. Generalised tonic–clonic seizure
always occurred in the last third of the seizure
(100%) in MTLE, whereas it occurred during
first (50%) or middle third (50%) in FLCPS.
The following trends were also noted, though
not statistically significant. Alimentary automa-
tisms (median, 6 seconds vs. 8 seconds; P =
0.12), mimetic automatisms (median, 13 seconds
vs. 22 seconds; P = 0.63) appeared earlier in
MTLE compared with FLCPS. Version (median,
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Table 3: Relative onset in relation to the first sixth, first, middle and last third of the seizure.
No. Symptom Origin Onset in first sixth P-value MTLE N (% of total symptom occurrences)
N (% of seizure) versus FCPS First third Middle third Last third
9 Epigastric sensation MTLE 14 (19%) 14(100%) – –
FLCPS 3 (4%) 0.01 3 (100%) – –
13 Staring MTLE 3 (4%) 4 (44%) 5 (56%) 0 (0%)
FLCPS 18 (24%) 0.02 21 (91%) 2 (9%) 0 (0%)
33 Generalised tonic–clonic seizure MTLE 0 (0%) 0 (0%) 0 (0%) 19 (100%)
FLCPS 0 (0%) – 2 (50%) 2 (50%) 0 (0%)
39 Complex motor seizure MTLE 12 (16%) 0.04 21 (50%) 13 (31%) 8 (19%)
FLCPS 22 (30%) 24 (96%) 1 (4%) 0 (0%)
41 Alimentary automatisms MTLE 33 (44%) 44 (80%) 7 (13%) 4 (7%)
FLCPS 6 (8%) <0.001 11 (61%) 6 (33%) 1 (6%)
42 Repetitive upper extremity
movement
MTLE 23 (31%) 36 (65%) 14 (25%) 5 (9%)
FLCPS 12 (16%) 0.04 20 (67%) 10 (33%) 0 (0%)
43 Mimetic automatisms MTLE 10 (13%) 14 (74%) 5 (26%) 0 (0%)
FLCPS 0 (0%) 0.001 1 (50%) 1 (50%) 0 (0%)
44 Looking around MTLE 15 (20%) 21 (49%) 17 (40%) 5 (12%)
FLCP 7 (9%) 0.07 10 (100%) 0 (0%) 0 (0%)
46 Laughing/crying MTLE 1 (1%) 1 (33%) 2 (67%) 0 (0%)
FLCPS 4 (5%) 0.202 8 (80%) 2 (20%) 0 (0%)
47 Complete loss of consciousness MTLE 38 (51%) 50 (82%) 6 (10%) 5 (8%)
FLCPS 52 (70%) 0.015 53 (95%) 1 (2%) 2 (4%)
48 Partial loss of consciousness MTLE 14 (19%) 20 (39%) 8 (16%) 23 (45%)
FLCPS 11 (15%) 0.535 15 (54%) 6 (21%) 7 (25%)
49 Vocalisation MTLE 2 (3%) 6 (43%) 2 (14%) 6 (43%)
FLCP 9 (12%) 0.04 12 (67%) 4 (22%) 2 (11%)
55 Hypermotor activity MTLE 0 (0%) 0 (0%) 0 (0%) 0 (0%)
FLCPS 6 (8%) – 13 (46%) 11 (39%) 4 (14%)
25 seconds vs. 34 seconds; P = 0.58) and ictal
speech (median, 20 seconds vs. 39 seconds; P =
0.46) appeared earlier with FLCPS. Behavioural
arrest and complete loss of consciousness oc-
curred almost always at the start of the seizure
in both groups.
4. Relative symptom/sign onset: The onset of symp-
toms/signs in relation to the first one-sixth and
the first, middle and last third of the seizure are
shown in Table 3. Only those symptoms/signs
that occurred in at least 10% of the FLCPS and
MTLE group were analysed. During the first
sixth of the seizure, abdominal aura (4.8 times),
alimentary automatisms (5.5 times), mimetic
automatisms (10 times) and repetitive upper
extremity movements (2 times) were the most
frequent symptoms in MTLE, whereas staring
(6 times), vocalisation (4.5 times) and complex
motor seizure (2 times) were more common
with FLCPS. Behavioural arrest occurred almost
always at the start of seizures (96%) both in
MTLE and FLCPS. Onset with staring (91%)
was more common during the first third of the
seizure in FLCPS, where as they were equally
divided between the first (44%) and middle third
(56%) with MTLE. Repetitive upper extremity
movements were most common during the first
third of the seizure in FLCPS (67%) and MTLE
(65%). Responsiveness was maximally impaired
in the first third of the seizure in FLCPS (95%)
and MTLE (82%), with the patients becoming
partially responsive in the middle or final third of
the seizure. Laughing and crying was more com-
mon in the first third in FLCPS (80%), but oc-
curred more often during the middle third of the
seizure in MTLE (67%). Complex motor activity
was most common during the first third (96%)
in FLCPS, where as they occurred in the first
(50%), middle (31%) and final third (19%) of the
seizure in MTLE. Hypermotor activity occurred
exclusively in FLCPS during first (46%), middle
(39%) and final third (14%) of the seizure.
5. Sequence of symptom/sign appearance: Based
on our ‘10-15-70’ rule, sequences of symp-
tom/sign appearance for the MTLE (Fig. 2a) and
FLCPS (Fig. 2b) groups were constructed. Two
or more of the most commonly occurring symp-
toms in a sequence consistent with the ordering
diagram for MTLE occurred in 56% of mesial
temporal-onset seizures and 50% of frontal-onset
seizures. Two or more of the most commonly
occurring symptoms in a sequence consistent
with the ordering diagram for frontal seizures
occurred in 59% of frontal-onset seizures, and
in only 29% of mesial temporal-onset seizures.
6. Cluster analysis: Complete linkage yielded symp-
tom clusters that were different for FLCPS and
MTLE. The following symptom clusters occurred
in more than 30% of the seizures—FLCPS:
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Fig. 2: (a) Two or more of these clinical manifestations occurred in 56% of evaluable seizures arising from the mesial temporal
lobe origin (see ‘MATERIALS AND METHODS’ Section for more details). (b) Two or more of these clinical manifestations
occurred in 59% of evaluable complex partial seizures arising from the frontal lobe (see ‘MATERIALS AND METHODS’
Section for more details).
repetitive upper movements and complete loss
of consciousness (Fig. 3a); MTLE: alimentary
automatisms, repetitive upper extremity move-
ments, complete loss of consciousness, partial
loss of consciousness, looking around and whole
body movements (Fig. 3b). These symptom clus-
ters also appeared earlier in MTLE compared to
FLCPS.
DISCUSSION
FLCPS have been recognised for more than 30
years21, 22 and several investigators have described the
semiology of seizures arising from various regions of
the frontal lobe2, 3, 5–7, 13, 14, 26–28, 33, 34, 36, 37, 39, 46–48.
If seizure freedom is considered to be the ‘gold
standard’ for documenting seizure origin within the
margins of the resections, then the literature contains
relatively few series of patients with FLCPS. In our
study, we did not attempt to correlate seizure semi-
ology with findings from invasive EEG recordings.
Invasive recordings (depth or subdural electrodes)
sample only limited portions of brain tissue; there-
fore, insufficient sampling can lead to difficulties with
accurate localisation. This is especially problematic
in the frontal lobe due to its large volume, rapidity
of seizure propagation, varying spread patterns and
predilection for spread to the opposite frontal lobe.
To the best of our knowledge, this is the first study
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Fig. 3: (a) Cluster analysis results using complete linkage in FLCPS. The percentage of seizures in which these symptoms/signs
clustered with one another is indicated by numbers next to the vertical lines (also shown on X-axis). The shaded vertical
bars on the left highlight some of these clusters. (b) Cluster analysis results using complete linkage in seizures of mesial
temporal lobe origin. The percentage of seizures in which these symptoms/signs clustered with one another is indicated by
numbers next to the vertical lines (also shown on X-axis). The shaded vertical bars on the left highlight some of these clusters.
to apply statistical methods in identifying symptom
clusters and sequences in a ‘pure culture’ of FLCPS,
all of whom had class I seizure outcome following
epilepsy surgery. This approach avoids the drawbacks
of those studies that relied mainly on ictal EEG onset
to determine the epileptogenic zone.
Rasmussen23 described the clinical, EEG, radio-
logical and pathological findings in 40 patients with
non-tumoural epileptogenic lesions who underwent
cortical excision of portions of the frontal lobe and
remained seizure free for a minimum of 5 years. Sev-
enteen (42%) of his patients reported no aura. Seven
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(17%) had a somatosensory aura, and five patients
(12%) each had epigastric, vague head and general
body sensations as their auras. Absence or amnestic
episodes were present in 14 (35%), automatisms in
12 (30%), focal sensorimotor attacks in 11 (27%),
and generalised convulsions in 36 (90%) of their
patients. Further details of seizure semiology could
not be studied since this study antedated video-EEG
technology.
Williamson et al.24 reported 10 patients with FLE,
7 of who had surgical intervention and only 4/7 pa-
tients had good seizure control (not seizure freedom)
after frontal lobectomy. They exhibited frequent,
often nocturnal seizures with complex motor or sex-
ual automatisms, vocalisation and high incidence
of complex partial status epilepticus. Some seizures
had bizarre symptomatology resembling psychogenic
seizures. In our study, we did not find FLCPS to be
much shorter than MTLE—this may have resulted
from using clinical criteria rather than the ictal EEG
to judge the end of the seizure. We noticed that 3/10
patients in Williamson’s study had average seizure
durations longer than 52 seconds24. Therefore, seizure
duration does not appear to be an important distinc-
tion between FLCPS and MTLE.
Significant findings from our study are discussed
under the following subsection.
Auras
In our group of FLCPS, auras occurred in only 15%
of seizures, the commonest being vague general body
sensation (11%). Although a higher proportion of
frontal lobe patients (18–58%) have been reported to
have auras in the literature25–27, we included only
those patients who verbally announced their aura,
pressed the seizure alarm at seizure onset or recalled
having an aura during the postictal interview (in other
words, patients who did not experience an aura during
their recorded seizures in the monitoring unit were
excluded). We found that psychic, olfactory and audi-
tory auras occurred only in MTLE, whereas an aura
of a general body sensation occurred only in FLCPS.
In Laskowitz et al.’s study28, 5 out of 16 frontal lobe
patients described an aura of fear or panic (psychic
aura)—this could have resulted from spread of the
ictal discharge to the temporal lobe.
Staring versus behavioural arrest
Delgado-Escueta et al.29 drew attention to the lack of
motionless stare at the onset of type II extra-temporal
complex partial seizures. Saint-Hilaire et al.30 studied
228 clinical manifestations of FLE during 63 seizures
in 13 subjects subjected to surgery and found motion-
less staring in just 1.4% of frontal seizures. Laskowitz
et al.28 and Manford et al.13 did not report staring
in their frontal lobe cases. Many authors including
Delgado-Escueta et al.31 have used the term motion-
less stare and behavioural arrest interchangeably; we
distinguished between these signs (see Appendix A).
We noted that staring with eyelid retraction occurred
in 31% of FLCPS, but only in 12% of mesial temporal
seizures. Staring was most common in the first third
of the seizure in frontal (91%), whereas they occurred
during the first third (44%) and middle third (56%)
in MTLE patients. Behavioural arrest occurred in one
third of our FLCPS and MTLE patients and was seen
during the first one third of the seizure in 96% of both
groups.
Automatisms
More than 45 years ago, Penfield and Jasper32 com-
mented that frontal lobe automatisms differed from
those associated with temporal lobe seizures. Several
authors have emphasised the prominence of complex,
semi-purposeful motor automatisms in FLCPS33–37.
Williamson et al.38–40 drew attention to the bilateral
motor automatisms frequently involving both legs
and arms with features of running, pelvic thrusts,
frenetic, often bizarre behaviour and the appearance
of oro-alimentary automatisms late in the seizure. In
our series, perseverative automatisms and complex
gestures occurred only in MTLE. Alimentary au-
tomatisms were more common and occurred earlier
with MTLE. Repetitive upper extremity movements
were also more common in MTLE, but there was a
qualitative difference between our two groups. Upper
extremity automatisms in MTLE involved the distal
segments of the fingers and hands and were discrete,
repetitive, co-ordinated and stereotyped. By contrast,
upper extremity automatisms in FLCPS were coarse,
irregular, complex, semi-purposive and involved the
more proximal muscles of the shoulder, elbow as
well as the hands. Complex motor automatisms such
as laughing and crying were more frequent in our
FLCPS group and occurred mainly during the first
third of the seizure. Hypermotor activity characterised
by complex movements involving the proximal seg-
ments of the limbs and trunk such as bicycling oc-
curred only in FLCPS. This finding differs from that
of Swartz41 who noted that bipedal automatisms were
not unique to frontal lobe seizures. This was probably
the result of ictal spread from the temporal lobe to
the dorso-lateral and mesial frontal regions. Kramer
et al.25 studied temporal and frontal complex partial
seizures in 26 patients who had invasive EEG record-
ings. In seizures that did not spread or propagated
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only to the homologous contralateral lobes, they noted
that leg movements and hand posturing occurred only
in frontal lobe seizures while oral automatisms oc-
curred only in temporal lobe seizures. Ictal sexual
automatisms were not observed in our study; this
could be due to sample size.
Consciousness
Geier et al.34 reported breaking off contact in all their
22 patients with FLE. The extent of loss of contact
with the environment during a seizure varied widely,
even in the same patient. Stores et al.42 demonstrated
impaired consciousness in all their cases, judged by
the children’s poor reactivity during their attacks and
apparent difficulty in recalling them. In contrast, 8/10
patients in Williamson’s study39 claimed to be aware
during FLCPS, but this was not verified by an ex-
aminer during the seizure. Both Wada43 and Fusco
et al.44 have reported that FLCPS can occur without
impairment of consciousness. Complete loss of con-
sciousness occurred in 76% of FLCPS in the first third
of the seizure in our series, but this was not statisti-
cally significant as compared to MTLE. Seizures aris-
ing from orbito-frontal, cingulate, anterior frontal and
dorso-lateral frontal may produce loss of awareness.
Ictal SPECT localisation to the non-motor fronto-polar
or orbito-frontal region has been reported to be asso-
ciated with impairment of consciousness, vocalisation
and complex gestural automatisms45. Difficulty in de-
tecting minor degrees of impairment and lack of a
standardised method for assessing level of conscious-
ness may account for differences in available studies.
Nocturnal occurrence and secondary
generalisation
Although several investigators5, 26 have described
frontal lobe seizures as being primarily nocturnal,
only 35% of our patients showed a nocturnal predom-
inance of their seizures. One possible explanation
is that patients with MTLE were usually taken off
antiepileptic medications whereas FLCPS patients
usually remained on their medications on account
of their higher baseline seizure frequency. Several
investigators25, 28, 46 have reported that evolution to
secondarily generalised tonic–clonic seizures is more
common in FLCPS; however, only 5% of our patients
with FLCPS had secondarily generalised seizures, in
contrast to 25% of MTLE patients. Secondary gen-
eralisation was commoner (P < 0.002) and always
occurred later during MTLE seizures. None of our
FLCPS cases developed complex partial status epilep-
ticus as was reported by other investigators34, 38–40.
Bazil and Walczak58 also found that secondary gen-
eralisation of temporal lobe complex partial seizures
during sleep was more common compared with
FLCPS which although activated by sleep, did not
become secondarily generalised.
Relative time of onset of symptoms and signs
Analysing symptoms and signs that appear in the
first one sixth of the seizure is likely to identify those
which are most closely linked to the lobe of origin,
whereas symptoms and signs beginning in the second
or last third of the seizure probably represent spread
of the ictal discharge to other brain regions. In our
study, during the first one sixth of the seizure, abdom-
inal aura, alimentary automatisms, repetitive upper
extremity movements, looking around and mimetic
automatisms were more common in MTLE, but star-
ing with eyelid retraction, vocalisation and hypermo-
tor seizure were more frequent in FLCPS. When the
median symptom onset time was analysed, vocali-
sations, version, partial loss of consciousness, ictal
speech and generalised tonic–clonic seizure occurred
earlier with FLCPS, whereas alimentary automatisms
and unilateral arm dystonia occurred later, perhaps
due to spread of ictal discharge into the ipsilateral
basal ganglia and/or temporal lobe.
The occurrence and sequencing of groups of symp-
toms/signs with an ordering diagram for FLCPS was
seen in approximately 59% of FLCPS, but only in 29%
of MTLE (Fig. 2a). On the other hand no significant
differences between FLCPS and MTLE was observed
when the symptom/sign pairs were compared with an
ordering diagram for MTLE (Fig. 2b). Some of the
FLCPS cases have complex motor and hypermotor ac-
tivity, where as others are more bland with behavioural
arrest and staring (Fig. 2b). Oro-alimentary automa-
tisms and unilateral arm dystonia appeared later in the
sequence in FLCPS cases.
Cluster analysis
Cluster analysis results (Fig. 3a and b) indicate those
symptoms and signs which began during the first one
third of the seizure in FLCPS and MTLE. In FLCPS,
repetitive proximal upper extremity movements,
complete loss of consciousness, complex motor and
hypermotor activity clustered together, whereas in
MTLE, oro-alimentary automatisms, repetitive dis-
tal upper extremity movements and complete loss
of consciousness were clustered. These clusters also
occurred earlier in MTLE which may partly be due
to the fact that the mean number of symptoms/signs
per seizure is greater for the mesial compared to
the frontal group (7.93 vs. 4.74). We postulate that
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these symptom clusters may indicate the ictal activa-
tion of functionally and/or anatomically related brain
regions10.
There are some limitations to the use of the clus-
ter analysis. Within a cluster, we can make useful
statements about the minimum frequency of occur-
rence of any symptom/sign pair, but there is little
information available concerning the occurrence of
three or more of the symptoms/signs. A second lim-
itation is that the appearance of a dendogram is
not unique. It is possible to rearrange the ordering
of the symptoms in a dendogram to some degree
without having an effect on the meaning of the dia-
gram. Therefore, the displayed ordering of symptoms
and perceived shapes in a dendogram do not al-
ways reflect systemic patterns or relationship among
symptoms/signs.
The number of patients with MTLE and FLCPS in
our study does not represent their relative proportions
in the epileptic population, but are simply those pa-
Appendix A
No. Symptom and sign Definition
Aura
1 Somatosensory Localised sensation of numbness, tingling, pain or cold.
2 Visual Visual illusions or hallucinations
3 Auditory Tinnitus, music and voices
4 Vertiginous Dizziness and vertigo
5 Olfactory Smell
6 Gustatory Taste
7 General body sensations Sensations referred to the entire body
8 Cephalic sensations Sensation referred to the head
9 Epigastric sensations
10 Fear Scared sensation
11 De´ja` vu Altered perception of surroundings which seem strangely
familiar
Motor signs
12 Behavioural arrest Immobile, fixed gaze without movement of the head or
trunk, without eyelid retraction; oro-alimentary and hand
automatisms may continue
13 Staring Eyelid retraction not necessarily associated with an
immobile gaze
14 Version Forced, involuntary tonic or clonic movement of the head
and eyes in a sustained and unnatural position.
15 Head or eyes turn left or right.
Non-versive movement of the
head and eyes
16 Clonic movement of head
17 Vertical head nodding
18 Myoclonic jerking of head
19 Unilateral face dystonic
20 Unilateral face tonic
tients who became seizure free after surgery and were
collected over different but overlapping time periods.
Future studies using larger number of patients may
be able to adjust for the disparity in observed symp-
toms/signs per seizure in FLCPS and MTLE cases
allowing for a meaningful statistical comparison of
seizure types.
Although FLCPS and MTLE may sometimes over-
lap in their clinical manifestations, we have shown that
statistical methods can identify symptom/sign clusters
and sequences typical of FLCPS. If careful attention
is given to the earliest symptoms/signs and the or-
der of symptom/sign appearance, it should be possible
to make this distinction clinically. Clinical semiology
compares favourably with other methods of seizure
localisation50–57 and may be particularly helpful in
patients without an obvious structural lesion on MRI
scan. Prospective studies are needed to see whether
these results can be validated in patients undergoing
pre-surgical evaluation.
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Appendix A (Continued )
No. Symptom and sign Definition
21 Unilateral face clonic
22 Unilateral arm dystonic
23 Unilateral arm tonic
24 Unilateral arm clonic
25 Unilateral leg dystonic
26 Unilateral leg tonic
27 Unilateral leg clonic
28 Bilateral face dystonic
29 Bilateral face tonic
30 Bilateral face clonic
31 Bilateral arm dystonic
32 Bilateral arm tonic
33 Bilateral arm clonic
34 Bilateral arm dystonic
35 Bilateral leg tonic
36 Bilateral leg clonic
37 Generalised tonic–clonic seizure
38 Hypermotor seizure The main manifestation consists of complex movements
involving the proximal segment of the limbs and trunk
such as pedalling
39 Complex motor seizure Complex elaborate body movements separate from No. 38
and 42
Automatisms
40 Perseverative Continuation of an action initiated prior to onset of the ictus
41 Alimentary Chewing, lip smacking, swallowing
42 Repetitive upper extremity
movements
Repetitive, distal fingering, fumbling, grasping, patting as
well as proximal movements of the arms
43 Mimetic Eye blinking, grimacing
44 Looking around
45 Whole body movements Turning over in bed, sitting up, walking
46 Complex gestures
Speech
47 Speech arrest Inability to speak despite attempts to do so, with postictal
recall
48 Positive speech Identifiable spoken language
49 Vocalisations Sustained or interrupted sound of no speech quality
Behaviour
50 Anxiety/agitation Anxious expression, with or without restlessness (subjective)
51 Aggression Violence directed at a person
52 Laughing/crying Laughter/weeping with appropriate effect
Consciousness
53 Complete loss of consciousness
54 Partial loss of consciousness
55 EEG seizure As recorded by subdural, scalp or special electrodes
Autonomic
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